Introduction
Biochars (BCs) are products of thermal degradation of organic materials by pyrolysis (Lehmann and Joseph, 2009 ). The BCs derived from agricultural biomass wastes are increasingly regarded as beneficial materials for soil and environmental remediation (Lehmann et al., 2011) . The BC-amended soil can improve soil fertility for crop production, carbon
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Open Access sequestration for mitigating the green house gas, and removal of various pollutants (Lehmann et al., 2006) . Also, the BCs have been also shown to change the composition and abundance of biological community in soil (O'Neill et al., 2009 ). These effects depend on the BC feedstock and pyrolysis conditions (Chan et al., 2009; Gaskin et al., 2008) as well on the soil itself (Speir, 2008) . Among the agricultural biomasses, the total biomasses of perilla, sesame, and pumpkin crops are amounted to be 167,427, 117,563, and 300,000 ton/year, respectively, in Korea (Hong et al., 2004) .
Earthworms have been considered as the most representative soil fauna worldwide, since they perform many essential and beneficial functions in soil ecosystems, including decomposition, nutrient mineralization, and soil structure improvement (Edwards and Bohlen, 1996) . Their ability to perform these functions can be inhibited upon exposure to harmful substances. Many ecotoxicological studies have used earthworms as a model system to assess the potentially toxic materials in soils (Amorim et al., 2005; He et al., 2007; Lanno et al., 2004; Lukkari and Haimi, 2005; Zhou et al., 2007) . Earthworms are useful model organisms because their response to environmental disturbances can be assessed and related to environmental outcomes, including their avoidance behavior, enzyme activity level, growth rate, mortality, and reproduction patterns (Yeardley et al., 1996) .
Several studies have focused on the beneficial effects of BCs on the crop growth, reduction of greenhouse gas emission, and removal of toxic compounds (Woolf et al., 2010; Carter et al., 2013) .
Nevertheless, the harmful materials released from pyrolyzed BC unintentionally may inhibit the soil organisms (Lehmann et al., 2011; Weyers and Spokas, 2011) . Pyrolyzed BCs contain toxic metal(loid)s, PAHs, and dioxins with various isomers, which are associated with oxidative stress through accumulation of reactive oxygen stress (ROS) in cellular tissues (Stegeman and Lech, 1991; Lopez et al., 2006) . Particularly, the toxic metal(loid)s are involved in accumulation of ROS caused by imbalance between oxidants and antioxidants during metabolism, thereby inducing cell toxicity as well as potential carcinogenesis (Shi et al., 2004) . Malondialdehyde (MDA) as a biomarker of oxidative stress is an oxidation product generated by the interaction between ROS and polyunsaturated fatty acids (Song et al., 2012) . There is, however, a lack of agreement whether various BCs lead to negative or positive impact on the potential toxicity of earthworms. Furthermore, only very few researchers have studied the potential impact of BCs in soil on the toxicity and oxidative damage in earthworm tissues.
Previous studies have shown different response of earthworms to biochar in soil. In some cases, earthworms exhibit a preference for soils amended with biochar (Chan et al., 2008) ; the liming potential of the biochars was suggested as a factor that influences this preference (Topoliantz and Ponge, 2005; Topoliantz et al., 2005; Liesch et al., 2010) . Not all biochars are, however, preferred by earthworms; toxicity of biochar compounds to earthworms (Liesch et al., 2010) and insufficient moisture (Li et al., 2011) are other factors that influence earthworm preferences for certain biochar-amended soils. Also, both the application rate of biochar and the original feedstock used have been shown to affect the soil biota. Weyers Recent work by Van Zwieten et al. (2010) has shown that earthworms preferred biochar-amended ferrosols over control soils, although they found no significant difference for calcarosols. The earthworm reports cited above using biochar highlights the complex dynamic interactions which can vary greatly with soil type, application rate, feedstock used, and the presence of toxic materials. In order to develop appropriate recommendations for biochar application, the potential impacts on soil biota, specifically earthworms, need to be identified. The present study was undertaken to evaluate the effect of various BCs, i.e. perilla and sesame meals, and pumpkin seeds on the survival, growth, reproduction, and oxidative stress, measured by catalase (CAT) and 8-hydroxydeoxyguanosine (8-OHdG) activities on the earthworms.
Materials and methods

Biochar preparation and characterization
The BCs were produced from perilla and sesame meals, and pumpkin seed at two different temperatures
